The purpose of this study was to identify predictive factors associated with conditional net survival in patients with metastatic hormone-naive prostate cancer (mHNPC) initially treated with androgen deprivation therapy (ADT). Methods: At nine hospitals in Tohoku, Japan, the medical records of 605 consecutive patients with mHNPC who initially received ADT were retrospectively reviewed. The Pohar Perme estimator was used to calculate conditional net cancer-specific survival (CSS) and overall survival (OS) for up to 5 years subsequent to the diagnosis. Using multiple imputation, proportional hazard ratios for conditional CSS and OS were calculated with adjusted Cox regression models. Results: During a median follow up of 2.95 years, 208 patients died, of which 169 died due to progressive prostate cancer. At baseline, the 5-year CSS and OS rates
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| INTRODUCTION
Prostate cancer is the most common malignancy in men and the sixth leading cause of cancer-related death worldwide. 1 The widespread application of prostate-specific antigen (PSA) screening has resulted in an increase in the identification of early stage prostate cancer and a reduction of metastatic prostate cancer; in Western counties, metastatic prostate cancer is found in approximately 4% of prostate cancer patients at the time of diagnosis. [2] [3] [4] Newly diagnosed metastatic prostate cancer is generally an aggressive disease; conventional androgen deprivation therapy (ADT)-resistant cancer (known as castration-resistant prostate cancer) can develop, eventually proving lethal. However, patients with metastatic prostate cancer form a very heterogeneous population, with considerable variation in the response, adverse events, and clinical outcomes. 2 Recently, large randomized trials have demonstrated a significant benefit to the overall survival (OS) of patients with metastatic hormone-naïve prostate cancer (mHNPC) from the administration of additional upfront docetaxel and abiraterone acetate treatment. [5] [6] [7] The treatment strategy for patients with newly diagnosed mHNPC has changed in recent years. Thus, an accurate assessment of prognosis is critical for clinical decision-making and for providing information to patients with newly diagnosed mHNPC.
Previous studies have reported survival outcomes for patients with mHNPC that were estimated at the time of diagnosis or initial treatment. [8] [9] [10] However, the risk of death changes over time, so the survival probability for patients who have survived for several years may change, and cancer-specific survival (CSS) and OS rates may not be sufficiently informative for these patients. Conditional survival, which assesses the changing hazard rate as survival time increases, 11, 12 provides a dynamic risk assessment and more accurate survival information for patients who have already survived for several years. Conditional survival analysis has been applied to assess the prognosis for a number of cancers, including metastatic cancers 13, 14 ; however, only a small number of studies have investigated conditional survival for prostate cancer, especially metastatic prostate cancer. 15, 16 Net survival, which measures the survival that would be observed if the only possible cause of death was the disease of interest, provides the most appropriate method of estimating survival from cancer. 17, 18 The newly developed Pohar Perme estimator has been shown to provide unbiased net survival estimates that are more accurate than classical relative survival estimates. 19 However, there is little evidence regarding estimates of conditional survival using an unbiased Pohar Perme estimator in cancer populations. 20, 21 In this multicenter retrospective cohort study, we evaluated changes in conditional net survival in patients with mHNPC initially treated with ADT, at time points from 1 to 5 years after the initial diagnosis, using the Pohar Perme estimator. We also evaluated the impact of potential prognostic factors on CSS and OS in this study population.
| MATERIALS AND METHODS

| Patients
This retrospective multicenter study was conducted at nine medical institutions in the Tohoku region of Japan. A consecutive group of adult patients diagnosed with mHNPC between March 2008 and May 2016 was retrospectively identified at each institute; in total, this included 629 patients.
were 65.5% and 58.2%, respectively. Conditional 5-year net CSS and OS survival gradually increased for all the patients. In patients given a 5-year survivorship, the conditional 5-year net CSS and OS rates improved to 0.906 and 0.811, respectively.
Only the extent of disease score (EOD) ≥2 remained a prognostic factor for CSS and OS up to 5 years; as survival time increased, other variables were no longer independent prognostic factors. Conclusions: The conditional 5-year net CSS and OS in patients with mHNPC gradually increased; thus, the risk of mortality decreased with increasing survival. The patient's risk profile changed over time. EOD remained an independent prognostic factor for CSS and OS after 5-year follow-up. Conditional net survival can play a role in clinical decision-making, providing intriguing information for cancer survivors.
K E Y W O R D S
androgen deprivation therapy, conditional survival, metastatic hormone-naive, net survival, prostate cancer All the patients initially received ADT, which comprised orchiectomy and luteinizing hormone-releasing agonists/antagonists alone or combined with bicalutamide. No patient received upfront docetaxel and/or abiraterone acetate as an initial therapy. Sequential treatments were administered after first-line ADT at the physician's discretion. The study was approved by each institution's ethics committee. An opt-out method for consent was adopted, in which patients were informed of their inclusion in the study and were provided information on the institution's website.
| Assessment
Continuous variables for the study cohort are presented as mean ± standard deviation or as medians with interquartile ranges (IQRs), and categorical variables as counts and percentages. The variables in the data set comprised the following patient characteristics at the time of diagnosis: age; body mass index (BMI; kg/m 2 ); Eastern Cooperative Oncology Group Performance Status score (ECOG-PS); biopsy Gleason score; site of metastasis (visceral, lymph node, or bone); presence of bone pain; bone metastasis extent of disease (EOD) score; types of initial hormonal therapy; implementation of local treatment; levels of serum biomarker PSA, hemoglobin (Hb), alkaline phosphatase (ALP), lactate dehydrogenase (LDH), and date of cause-specific death or all-cause death. ECOG-PS and the presence of bone pain were evaluated by inquiry and physical examination. EOD scores were classified according to the definition of Soloway et al 22 using bone scintigraphy at the time of the initial diagnosis.
Study enrollment is summarized in Figure 1 . Of the initial 629 patients, 24 were excluded because of missing values on survival outcome. The remaining 605 patients comprised the subjects in our analyses.
| Statistical analyses
CSS and OS were calculated as the time from the diagnosis of mHNPC to death from prostate cancer or from any other cause. Patients known to be alive or lost to follow-up on the date of last contact were censored. To estimate CSS and OS, we used conditional survival, the multiplicative probability, indicating that 5-year conditional survival represents the probability of surviving an additional 5 years, given that the patient has already survived x years (where x is the time elapsed since the diagnosis of mHNPC). Net survival, a non-parametric unbiased estimator, was used as a measure of conditional survival, calculated by using the "stns" command in Stata statistical software. 19, 23 The Kaplan-Meier method was applied to depict CSS and OS curves, which were compared using the log-rank test. We applied Kaplan-Meier survival analysis to calculate CSS and OS conditional probabilities. 12, 24 Factors associated with the CSS and OS were investigated by using Cox multivariate models. Multiple imputations of missing values of covariates (PSA, Hb, ALP, LDH, and BMI, EOD score, the presence of bone pain, ECOG-PS, Gleason score, local treatment, luteinizing hormone-releasing treatment) by chained equations (number of imputations, 200) were performed using the "MI" procedures in SAS statistical software, assuming the mechanism of missingness at random.
In the Cox regression models, PSA levels were categorized as high or low according to whether they were above or below the median value of its distribution at baseline (297 ng/mL). The other serum biomarkers were divided into binary groups according to whether they were above or below the following median values of the normal ranges for Japanese men [25] [26] [27] : HGB (≤12 g/dL vs >12 g/dL<), ALP (>350 IU vs ≤350 IU), and LDH (>220 IU vs ≤220 IU). After entering all potential predictors for CSS and OS, we ran backward selection based on type III score 28 chi-square test statistics to identify the most suitable models. We then checked whether the selected variables satisfied the proportional hazard assumption and calculated the hazard ratio and 95% confidence interval (CI). In the final models, we calculated the hazard ratio and 95% CI of each covariate for conditional net survival.
Statistical analyses were performed using SPSS ver. 19.0, Stata ver. 14, and SAS ver. 9.4. A P-value < .05 was considered statistically significant. Table 1 shows the patients' characteristics. For the 605 patients analyzed, the mean age was 72 ± 8.6 years. The mean BMI and median baseline PSA level were 22.7 ± 3.6 kg/ m 2 and 295.0 ng/mL (IQR 68.1-854.8 ng/mL), respectively. Regarding metastatic sites, 90.9%, 51.4%, and 11.6% of the patients had bone, lymph node, and visceral metastases, respectively. The percentages of patients with EOD scores of 1, 2, and ≥3 were 34.1%, 26.5%, and 30.3%, respectively.
| RESULTS
| Patient characteristics
F I G U R E 1 Flowchart of study enrollment
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A combined androgen blockade was used for 81.6% of the patients, and 16.1% were treated using luteinizing hormonereleasing antagonists.
| Treatment outcome
During the follow-up period (median, 2.95 years), a total of 208 patients died, 169 from prostate cancer. The 5-year CSS and OS for all the patients were 65.5% and 58.2%, respectively. In the univariate analyses at baseline, the following were significantly associated with CSS and OS: BMI ≤18.5 kg/m 2 , ECOG-PS ≥1, biopsy Gleason score ≥9, EOD score ≥2, low Hb level at baseline, high ALP level at baseline, and high LDH level at baseline (See Tables S1 and  S2 ). In addition, the presence of lymph node metastasis was significantly associated with CSS, and age ≥73 years was significantly associated with OS. The multivariate analysis showed that biopsy Gleason score ≥9, EOD score ≥2, low Hb level at baseline, and high LDH level at baseline were independent prognostic factors for CSS and OS. BMI ≤18.5kg/ m 2 and ECOG-PS ≥1 were also independent prognostic factors for OS and the presence of lymph node metastasis was an independent factor for CSS. Table 2 and Table S3 present the conditional 5-year net CSS and OS rates. The overall conditional 5-year net CSS rate at baseline was 0.656, and the overall conditional 5-year net CSS rates (with the difference from baseline) for patients who survived for 1, 2, 3, 4, and 5 years were 0.645 (−0.11), 0.683 (+0.27), 0.652 (−0.04), 0.802 (+1.06), and 0.906 (+2.10), respectively (Table S3 ). The overall conditional 5-year net OS rate at baseline was 0.582, and the overall conditional 5-year net OS rates for patients who survived for 1, 2, 3, 4, and 5 years were 0.566 (−0.16), 0.615 (+3.3), 0.550 (−0.32), 0.702 (+1.2), and 0.811 (+2.29), respectively ( Figure 2 and Figure  S1 . These results demonstrated that conditional 5-year CSS and OS rates gradually improved compared to baseline for at least 5 years after the initial ADT. Next, we used multivariate analyses to assess the changing hazard ratios for conditional 5-year net CSS and OS rates for up to 5 years (Table 3 and Table S4 ). Several variables were identified as prognostic factors for CSS and/or OS at baseline, including BMI ≤18.5kg/m 2 , ECOG-PS ≥1, the presence of lymph node metastasis, high PSA levels at baseline, low Hb level at baseline, and high LDH level at baseline; however, after the 2-year time point, these variables were no longer independent prognostic factors for CSS and OS ( Table 3 and Table S4 ). Only EOD ≥2 remained a prognostic factor for CSS and OS for each year of survival (except for CSS in the cohort that survived 2 years). At baseline, the conditional 5-year net CSS and OS rates for the patients with EOD ≥2 were 0.541 and 0.466, respectively; for the patients who survived 5 years, they were 0.647 and 0.478, respectively (Table 2, Figure 3 , Table S3 , and Figure S3 ). Kaplan-Meier curves for conditional CSS and OS based on the EOD score are shown in Figure 4 and Figure S2 . The OS hazard ratios associated with EOD ≥2 in the conditional versions of the Cox regression models for 1,2,3,4, and 5 years were 1.83, 1.74, 2.13, 2.57, and 3.82, respectively (Table 3) . Biopsy Gleason score ≥9 remained an independent prognostic factor for CSS or OS at 3 and 2 years after the diagnosis, respectively, but these were subsequently no longer statistically significant. These results suggested that the prognosis for patients with EOD ≥2 remained poor over time and that a higher number of bone metastases remained a durable prognostic factor for CSS and OS at all survival time points up to 5 years.
| Conditional survival
| DISCUSSION
This study was the first study to investigate conditional net survival in prostate cancer patients using an unbiased novel estimator. We showed that, after the baseline survival estimation, the conditional net CSS and OS rates gradually increased with time. Furthermore, the significance of prognostic factors for the patients with mHNPC changed over time after ADT. Only EOD ≥2 remained an independent factor for CSS and OS, whereas other well-known prognostic factors had lost their statistical significance as prognostic factors by 5 years after the administration of ADT therapy.
In general, conditional survival gains are limited for patients at low risk, whereas the relationship is stronger for patients with adverse prognostic features. 29, 30 In a study to assess population-based 5-year conditional survival for various cancers, Janssen-Heijnen et al reported that conditional 5-year relative survival in patients with prostate cancer decreased from 89% at diagnosis to 81% at 6 years after diagnosis. 31 Conditional relative survival analyses for a large number of cancers based on the Canadian Cancer Registry showed that the conditional survival in prostate cancer did not change 5 years after diagnosis. 32 In the largest population-based study for conditional survival, which included 204 472 patients with prostate cancer in the United States, Merrill et al reported an increase in CSS after survival for five years, with the probability of remaining disease-free up to year 5 increasing from 33.1% to 55.9%. 33 Thus, there have been inconsistent results reported for conditional survival rates based on cancer registries in patients with prostate cancer. Further application of unbiased estimators is needed to assess conditional survival and to perform conditional survival analyses targeted at this specific subgroup population to provide more precise information for the patients.
Newly diagnosed metastatic prostate cancer is not a curative disease, and a recent study that evaluated survival in patients with stage IV prostate cancer registered in the SEER database between 2004 to 2010 showed that the 5-year OS was 22% to 67.4%, 8, 9 providing rather pessimistic information for patients with mHNPC. Only one study has specifically reported conditional survival in patients with stage IV prostate cancer. Muralidhar et al assessed conditional cancer-specific mortality in 41 022 M1 patients registered in the SEER database and reported that 5-year prostate cancer-specific mortality improved from 57.2% at diagnosis to 41.1% at 5 years, 28.8% at 10 years, and 20.8% at 15 years. 16 Although that study had some limitations, including being based on an old database with patients diagnosed between 1973 and 2011, as well as a lack of detailed background other than age, race, income, married status, and Gleason grading, it showed that the risk of death decreased overtime in patient with advanced stage prostate cancer. This study, which is the first study to assess the conditional net survival specific to F I G U R E 2 Conditional overall survival curve for patients with metastatic hormone-naive prostate cancer initially treated with androgen deprivation therapy metastatic prostate cancer using the unbiased novel Pohar Perme estimator, demonstrated that 5-year CSS and OS rates significantly increased from 65.5% and 58.2% to 90.6% and 81.1%, respectively. Taken together, conditional survival estimates may provide more appropriate information for patients with mHNPC.
The stratification of conditional survival estimates by prognostic factors provides more relevant clinical information and better estimates of individual patient prognosis. 32, 34 In line with previous studies that reported baseline risk factors for mHNPC, 10, 35, 36 our multivariate analysis confirmed the impact of potential baseline prognostic factors for CSS and OS in mHNPC. Poorer CSS and OS rates at the time of diagnosis were observed for subgroups based on low Hb, high LDH level, BMI ≤18.5kg/m 2 , ECOG-PS ≥1, and the presence of lymph node metastasis; however, these differences diminished in the following years, suggesting that the prognostic significance of these factors decreases as time elapses after diagnosis. In contrast, the number of bone metastases remained a significant risk factor even after 5 years NARITA eT Al of follow-up. These findings could be used to drive a more evidence-based strategy for post-treatment follow-up scheduling that is based on the patient's actual current risk rather than simply on baseline probabilities. Bone metastatic tumor burden is one of the most influential prognostic markers in patients with mHNPC. 10, 37 In large randomized trials that showed the benefit of upfront therapy using docetaxel and abiraterone acetate with ADT in patients with mHNPC, the number of bone metastases was one of the specific factors used for dichotomizing risk groups for prognosis. 6, 38 A retrospective study that included 304 Japanese patients with treatment-naïve castration-sensitive prostate cancer reported that EOD ≥2 was an independent risk factor, and EOD ≥2 was one of four risk factors used in the study to develop three risk categories. 37 Consistent with these results, this study showed that EOD ≥2 was an independent prognostic factor and showed for the first time that the number of bone metastases continued to influence the CSS and OS of patients with mHNPC over time. The conditional survival rate remained low for patients with EOD ≥2 but generally increased for the entire cohort and the other subgroups. These findings give the intriguing possibility of developing more personalized treatment and/or follow-up for individual patients with mHNPC and of providing these patients with more accurate information about their prognosis. However, conditional survival rates have not yet been established for patients treated with upfront abiraterone acetate and docetaxel with ADT, which has become a novel standard treatment for high-risk and high-volume mHNPC. Among the other prognostic variables considered in the multivariate analysis, biopsy Gleason score ≥9 remained a statistically significant independent prognostic factor for CSS and OS until 3 years and 2 years, respectively. The results of the LATITUDE trial suggested that three risk factors could be used as an indication for the upfront administration of abiraterone: biopsy Gleason score ≥8, the presence of three or more bone lesions, and/or the presence of measurable visceral metastases. 6 Although our results do not provide a definitive assessment, they strongly support these two factors-the number of bone metastases and biopsy Gleason score-as being risk factors for CSS and OS in patients with newly diagnosed mHNPC. However, the present study did not reveal any impact of visceral metastasis on CSS and OS, perhaps because of the small number of patients compared with the numbers included in the previous trials (14.0%-18%). 6, 39 Our study had several limitations. First, the multicenter design resulted in heterogeneity of the patients' treatment and monitoring. Second, the study did not consider the impact of sequential treatments after the initial ADT. The sequential therapy given after development of CRPC was described in Table S5 . Although there was no statistical association of year of diagnosis with CSS and OS in this study, sequential treatments following ADT failure may have played a role in the outcomes for some patients. The retrospective study design and short follow-up duration were further limitations. Future studies with a longer follow-up period and a validation dataset are warranted.
In conclusion, the conditional 5-year net CSS and OS rates in patients with mHNPC gradually increased in the years following ADT treatment, implying that the risk of mortality decreased with increasing length of survival. The patients' risk profiles changed over time, but the EOD score remained an independent prognostic factor for CSS and OS after 5 years of follow-up. Conditional net survival can play a role in clinical decision-making and provides valuable information for cancer survivors.
